We have analysed organic acid profiles in 74 samples of post-mortem vitreous humour from the suddent infant death syndrome and compared the profiles to those obtained from the corresponding urine or bladder wall swab. There was a high degree of correlation indicating that vitreous humour analysis in high-risk infants is an appropriate analytical strategy when urine is not available. In our patient sample two infants had evidence of abnormal methylmalonic acid metabolism, one had glyceric aciduria (and elevated levels of vitreous humour glyceric acid), one had evidence of pre-existing liver damage as judged by the presence of 4-hydroxyphenyllactic acid, one had a non-ketotic dicarboxylic aciduria indicating inhibited fatty acid oxidation and two patients had significant long-chain 3-hydroxydicarboxylic acids and evidence of paracetamol ingestion.
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The laboratory investigation of patients with suspected metabolic disease relies heavily on the measurement of abnormal metabolites in body fluids. Urine organic acid analysis is one of the most useful analytical procedures. This approach is complicated in the investigation of patients who die rapidly with severe neonatal disease or unexpectedly due to acute life-threatening events, or with renal failure. Urine is frequently not available in these high risk groups.
We have begun using vitreous humour in our investigations of the sudden infant death syndrome (SIDS). Since urine is frequently not available I we have been looking at alternative body fluids. Eye fluid had been reported to be of value in the metabolic profiling of patients with glutaric acidaemia type 1, 2 glutaric acidaemia type 2 with dysmorphic features," mediumchain acyl-CoA dehydrogenase deficiency" and methylmalonic aciduria.' To date there has been no systematic attempt to compare patterns of post-mortem urine organic acids with eye fluid We report here a comparison of post-mortem urine and fluid from bladder wall swabs with vitreous humour organic acids in infants at-risk for metabolic disease.
MATERIALS AND METHODS

Patients
Seventy-four sequential post-mortem investigations were carried out on infants below the age of 2 years by the Philadelphia Medical Examiners office. The diagnosis was SIDS. Urine was collected directly from the opened bladder by aspiration when available (n = 30). When no urine was obvious in the bladder, the bladder wall was gently swabbed and the moistened swab stored in a glass urine container (n = 44). Vitreous humour was taken from all infants by syringe aspiration. All samples were initially collected into plastic containers but following our observations of atypical organic aciduria resulting from storage in plastic," we subsequently stored in glass containers at -70 D C .
Sample analyses
Urine (1 mL) was extracted using standard solvent extraction procedures! and trimethylsilyl derivatives were prepared. Urine swabs were soaked in 1 mL of distilled deionized water for 1 h prior to extraction. Swabs were not removed from the extraction mixture because unused swabs did not contain organic acids detectable in our system. Vitreous humour (typically 100-250 ",L) was extracted in an identical fashion to urine.
Trimethylsilyl derivatives were analysed using a 25 m x O·2 mm Ultra 2 capillary column (Supelco, PA, USA) on a Hewlett Packard HP5971A gas chromatograph/mass spectrometer (GC/MS) using standard analytical conditions." The mass selective detector was set to acquire data in the electron impact mode scanning the ion range 70-600 Da. Because it was not possible to determine the volume of urine equivalent in bladder swab samples, the data from such samples is qualitative. Quantitative data for urine and vitreous organic acids was performed after the addition of an internal standard (margaric acid 50 mg/loo mL) and the measurement of peak height ratios of organic acid to internal standard for those samples in which a discrete organic acid peak could be detected in the total ion chromatogram. Aqueous standard curves were generated for all organic acids when commercially available. For those not commercially available quantitation was by comparison to an organic acid with similar characteristics (for example, 3-0H sebacate was quantitated against a standard curve of sebacic acid). The detection limits were typically 1 ",mol/L for a 1 mL urine sample and 10 ",mol/L for 100 ",L of vitreous fluid. Variable recovery was corrected for by the simultaneous extraction of organic acid standards and the internal standard. Typical recoveries using these techniques are of the order of 80-1000/0. For the measurement of vitreous fluid glycerate we utilized the mass spectrometer in the more sensitive selected ion monitoring mode, using the M-15 ion of mass/charge ratio 307, as normal vitreous did not always produce a discrete glycerate peak when analysed in the scan mode.
RESULTS
Comparison of urine and bladder swab organic acids
Our previous experience has shown that the major metabolites in urine from SIDS infants are lactate and succinate.' These compounds were evident in all the urine samples and bladder swabs in this study indicating that the qualitative information derived from a bladder wall swab is comparable to that of urine. The major disadvantages of the bladder wall swab are that there is only a single opportunity to perform the preparation and that any data obtained are purely qualitative.
Correlation of normal urine and vitreous humour organic acids With few exceptions, the metabolic profiles of simultaneous urine (or bladder swab) and vitreous samples were similar. Table 1 lists the metabolites that were detected as discrete peaks (i.e., not requiring selective detection systems) that were present in both urine and vitreous humour. There have been few studies reporting quantitative organic acids in urine and none in vitreous. Our quantitative data for post-mortem lactate and succinate levels were similar to those of Allison." The compounds that were detected only in urine included propanediol, p-cresol, 3-hydroxypropionate, 4-hydroxyphenylacetate and aminoacetophenol. The first four are metabolites of bacterial origin and gut derived and the latter is derived from paracetamol.
In a single individual we detected the presence of cholesterol in vitreous humour. This was not present in urine, nor was it present in other vitreous samples even when selected ion monitoring techniques were used. Other compounds found consistently in vitreous humour and rarely in urine included N-acetyl aspartate and isoascorbate.
Correlation of abnormal urine and vitreous humour organic acids 1. Methylcitrate and methylmalonate were present in excessive amounts in two samples. The urinary profile was not consistent with that we have previously seen in methylmalonic aciduria due to methylmalonyl-CoA mutase deficiency. Other methylated intermediates were also detected in the urine samples including methylfumarate and methylsuccinate. Homocystine was not detected in one of these samples. There was insufficient sample for homocystine analysis in the other. Both infants carried the diagnosis of SIDS. One family had a strong history of sudden infant death which appeared to be inherited with a dominant pattern.
2. Homovanillic acid (HV A) was detected in urine and vitreous in large amounts in one infant who presented with an acute life threatening event in whom large amounts of dopamine were administered pre-mortem. There was no pathological evidence to support a dopamine secreting tumour and we assume the HV A to be directly related to the dopamine administration on presentation.
3. 4-hydroxyphenyllactate and 4-hydroxyphenylpyruvate were detected in one infant given the diagnosis of SIDS. The presence of those compounds suggest hepatic dysfunction. A cause has not yet been elucidated. There was no unusual liver pathology.
4. Glycerate was detected in excess in urine and vitreous from one patient. The concentration in vitreous was 183/Lmo1!L (controls n = 6, mean value 7· 2/LmoI!L, range 0-12' 5). Enzymology of liver demonstrated normal activity of Dglycerate dehydrogenase indicating that glycerate was unlikely to be in the L-conformation and thus was most likely D-glycerate (enzyme data from C J Danpure, CRC (Harrow, Middlesex, UK). D-glyceric aciduria is probably a benign genetic disorder.
5. 3-hydroxydicarboxylic acids (3-hydroxysebacate and 3-hydroxydodecanedioate) were detected in urine and vitreous from two subjects diagnosed as SIDS in whom paracetamol was detected in urine. There have been previous reports of an association of 3-hydroxydicarboxylic aciduria and paracetamol ingestion. IO It remains possible that a number of infants are susceptible to inhibition of fatty acid oxidation by paracetamol. Detailed enzymology of tissues from the above infants are currently being undertaken.
6. Non-ketotic medium-chain dicarboxylic aciduria was observed in one subject. There were no acylglycines to suggest a defect of mediumchain acyl-CoA dehydrogenase. Detailed enzymology is under way for other enzymes of {j-oxidation.
DISCUSSION
These studies have compared the organic acid profiles of urine and vitreous humour in a series of infants with SIDS and found them to correlate well with the exception of a small number of exogenous products that are present only in urine and a small number of metabolites found mainly in vitreous humour. Thus vitreous is a useful material for the investigation of infants who die suddenly and in whom urine is not available. Most SIDS subjects demonstrated excessive amounts of lactate and succinate with no further metabolic clues to the aetiology. No cases of MCAD deficiency were reported in this study. This is not surprising as the majority (greater than 80%) of infants who present as SIDS to the Philadelphia Medical Examiner are black and to date no black MCAD deficient patients are known to us.
With regard to the failure to detect 3-hydroxypropionate in our vitreous samples, others have reported its presence in eye fluid from a patient with methylmalonic aciduria.? Therefore, it is probable that the endogenously derived metabolites from human metabolism are present in vitreous humour whereas exogenous products derived from bacterial metabolism are not.
Unusual metabolic patterns were observed in a number of patients suggesting metabolic derangement consistent with inborn errors of metabolism. These included one with a dicarboxylic aciduria, two with methylmalonic acid abnormalities and a patient with glyceric aciduria (probably D-glyceric). Two SIDS infants were noted with 3-hydroxydicarboxylic aciduria in association with paracetamol ingestion. Whether this or any of the other metabolic abnormalities was related directly to the cause of the sudden death of the infants requires further investigation.
